The volcanic rocks of the Rhön area (Central European Volcanic Province, Germany) belong to a moderately alkali basaltic suite that is associated with minor tephriphonolites, phonotephrites, tephrites, phonolites and trachytes. Based on isotope sytematics (
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261 multiple sample, multicollector mass spectrometer operating in static mode. The Sr and Nd isotope composition of some samples (samples 3, 8, 13, 15, 26) blanks for Sr and Nd were below 300 ppb and 100 ppb, respectively.
Oxygen isotopes for samples 9, 14, 16, 17 were analyzed at the University of Bonn on 8-10 mg aliquots of powdered whole-rock samples, using purified F 2 gas for O 2 extraction, followed by conversion to CO 2 (Clayton and Mayeda, 1963) .
18
O/
16
O measurements were made on a SIRA-9
triple-collector mass spectrometer by VG-Isogas. Analytical uncertainties are < 0.2‰. Other samples (3, 8, 13, 5, 26) were analyzed at the Universität Göttingen. Here, O-isotope analyses were
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conducted by infrared (IR) laser fluorination in combination with gas chromatography isotope ratio monitoring gas mass spectrometry (GC-irmMS) (Jones et al., 1999; Sharp, 1990 ). The gas extraction technique is described in Pack et al. (2007) . In brief, 1.0 -1.3 mg of sample material was loaded along with MORB glass and NBS-28 quartz into a 18-pit nickel sample holder. After evacuation overnight and pre-fluorination, samples were reacted in a ~20 mbar atmosphere of purified F 2 gas (Asprey, 1976) by means of heating with a SYNRAD 50 W CO 2 -laser. Liberated O 2 was cleaned of excess F 2 by reacting with NaCl (110°C). In contrast to Pack et al. (2007) , who conducted analyses using the dual inlet system of a Finigan DELTA+ gas mass spectrometer, analyses were conducted in continuous flow mode. A fraction of purified sample O 2 was expanded into a stainless steel capillary and transported with He carrier gas through a second trap, where O 2 was again cryofocused at -196°C on a molecular sieve. Sample O 2 was then released at 100°C back into the He carrier gas stream and transported through a 5 Å molecular sieve GC column of a Thermo Gasbench-II. 
Mineralogy of lavas
Most differentiated lavas from the Rhön are porphyritic, with ~ 20% phenocrysts in the phonotephrites and tephriphonolites, ~ 25% in the trachytes and ~ 15% in the phonolites. It is therefore probable that some of the scatter in major element variation diagrams arises from crystal accumulation. Plagioclase is a common groundmass phase in the tephriphonolites and phonotephrites. Kaersutitic amphibole is a common phenocryst phase in the intermediate magmas (phonotephrites and tephriphonolites), and occurs with calcic plagioclase, clinopyroxene, magnetite and apatite. Trachytes are dominated by feldspars, some of which have plagioclase cores and orthoclase rims. They contain also green salitic clinopyroxene. In some trachytes, biotite occurs as a phenocryst phase, together with zircon and apatite. Phonolites are characterized by a fine-grained
A C C E P T E D M A N U S C R I P T ACCEPTED MANUSCRIPT
groundmass of K-feldspar and sodic plagioclase, pale green clinopyroxene and opaque phases.
Phenocrysts include orthoclase, green sodic clinopyroxene, amphibole, biotite, apatite and zircon.
Summary of compositional features of the parental alkali basalts
The basanites and nephelinites that are parental to the more differentiated rocks treated in this contribution have been the subject of previous studies (Jung and Hoernes, 2000; Jung et al., 2005) . Additional data can be found in Freerck-Parpatt (1990 ), Ehrenberg et al. (1994 ), Wedepohl et al. (1994 , Wedepohl and Baumann (1999 
Geochemistry

Major and trace elements
Major and trace elements are reported in Table 2 . Usually, fractionation trends observed for alkali basalts and differentiated rocks diverge from a single alkali basaltic parent with increasing silica content towards a phonolitic or rhyolitic endmember composition (e.g. Wilson et al. 1995 , Panter et al. 1997 ). In the case of the Rhön lavas, the highly evolved rocks straddle the trachyte-phonolite boundary in the total alkalis-SiO 2 diagram (Fig. 2) A C C E P T E D M A N U S C R I P T
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trace element variation diagrams for tephrites, phonolites and trachytes are plotted in Fig. 4 .
Tephrites show broadly similar patterns to the more primitive rocks (Jung and Hoernes, 2000) with distinct troughs at Rb, K, Pb and Ti. Although the data are limited, some of the phonolites and trachytes show distinctive negative anomalies for Sr, Ba, P and Ti. Zirconium shows a positive anomaly.
The REE patterns of tephrites show an increase in LREE and HREE compared to the inferred parental hornblende-bearing basanite or nephelinite (Fig. 5a ). Absolute REE abundances in the tephrites are higher than in the primitive basanites and alkali basalts and significant Eu anomalies, positive or negative, are absent. Phonolitic tephrites have similar REE pattern to tephrites but the tephritic phonolite tend to have a REE pattern with MREE depletion (Fig. 5b ).
Phonolites are slightly MREE-depleted with high La/Yb ratios and small negative Eu anomalies ( Fig. 5c ). Trachytes are LREE-enriched with little or no depletion in MREE and no negative Eu anomaly.
Sr, Nd, Pb and O isotopes
Strontium, Nd, Pb and O isotope data are reported in Table 3 . Figure 6 shows Sr, the latter obtained on leached residues for differentiated rocks from this study. Data for phonolites from Wedepohl et al. (1994) are also shown. The tephrites, phonotephrites, phonolites, trachytes and the tephriphonolite from this study plot in the ´depleted field´ relative to Bulk Earth in the Sr-Nd isotope diagram similar to other alkaline rocks from central Europe (Wörner et al., 1986; Wilson and Downes, 1991; Wedepohl et al., 1994; Jung and Masberg, 1998; Jung and Hoernes, 2000; Bogaard and Wörner, 2003; Haase et al., 2004; Jung et al., 2006) but slightly below the inferred parental mafic melts. Figure 7 ‰ which is essentially the same range as observed in the more primitive alkaline rocks.
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Discussion
Fractional crystallisation (FC) processes
Although the major and trace element variations within the alkaline magmas could be (Eu/Eu* ≈ 0.97). In addition, the tephritic phonolite and all the phonolites and one trachyte show a significant depletion in MREE which is shown by higher total REE abundances but similar MREE abundances relative to the moderately fractionated tephrites. Amphibole may be the fractionating
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phase that generates the pronounced MREE depletion in the more evolved magmas (e.g. Wörner and Schmincke, 1984; Wilson et al., 1995) . In conclusion, feldspar fractionation may have exerted the major control on the abundances of Ba, Sr and Eu in the most differentiated samples; the concomitant fractionation of amphibole and green sodic clinopyroxene had a competing effect on the Al 2 O 3 systematics. Finally, the Rb, Ba and K troughs in primitive mantle-normalized element diagrams are probably inherited features from the mafic parent rocks but the distinctive negative anomalies for Sr, Ba, P and Ti among the phonolites and trachytes are consistent with fractionation of plagioclase, K-feldspar, apatite and Ti-magnetite.
Assimilation Fractional Crystallisation (AFC) processes
Isotope data presented earlier (Wedepohl et al., 1994) clearly indicate the importance of combined assimilation and fractional crystallization (AFC) processes in the petrogenesis of differentiated volcanic rocks from the Central European Volcanic Province. Based on the apparent negative correlation between Nd and Sr isotopes, Wedepohl et al. (1994) suggested that the crustal contaminant must be characterized by radiogenic Sr and unradiogenic Nd. In this model, crustal contamination is probably caused by partial melting of the wall rocks of the magma chamber producing granitic (or tonalitic) partial melts depending on the felsic (or mafic) composition of the wall rocks, respectively. The lower crust beneath the Central European Volcanic Province in Germany is mainly composed of mafic and felsic granulites in which mafic granulites, interpreted as basaltic cumulates, predominate over felsic granulites (Mengel, 1990; Mengel et al., 1991; Sachs and Hansteen, 2000) . Comprehensive isotope data are only available for lower crustal xenoliths from the Eifel area (Stosch & Lugmair, 1984; Stosch et al., 1986 Stosch et al., , 1992 Loock et al., 1990; Rudnick & Goldstein, 1990 Sr isotope compositions (Liew and Hofmann, 1988) .
To model the Nd-Sr isotope variation quantitatively, several parameters must be known including the Sr and Nd contents and isotopic compositions of the parent magma, the bulk distribution coefficients of both Sr and Nd (D Sr and D Nd ), the ratio of the mass assimilated to the mass of material fractionated (r) and the isotopic composition of the assimilated material (DePaolo,
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1981). Taylor (1980) has estimated that the ratio (r) between the mass of assimilated material and Wedepohl et al. (1994) . In addition, the most important change in the parameters is the value of r which was set at 0.4 to allow for moderately high rates of assimilation relative to fractional crystallization which results in a steeper AFC curve. From Fig. 6 , it is apparent that the differentiated rocks have undergone assimilation of c. 40%. For the phonolites from the Rhön, Wedepohl et al. (1994) Sr/ 86 Sr ratios. It is obvious that the observed distinct style of contamination is due to differences in the Sr content corresponding to distinct degrees of differentiation involving distinct amounts of
plagioclase. This may indicate contamination at different crustal levels.
The isotope variations imply that the trachytes and phonolites have undergone some assimilation of lower crustal rocks during fractional crystallization (AFC processes). Some incompatible trace element concentrations predicted by fractional crystallization curves at c. 20-30% magma remaining (Fig. 10) (Fig. 10) , AFC curves will be steeper for less evolved magmas and flatten out for more evolved compositions. This effect is accentuated with changes in the rate of assimilation to crystal fractionation (r). F values (where F=fraction of melt remaining) in our model extend to 0.5 indicating a moderate degree of fractionation. In Fig. 10 , the calculated AFC path shows an apparent small misfit between the computed and measured values. Wilson, 1989; Shaw et al., 1993; Reiners et al., 1995 Rudnick and Goldstein (1990) , AFC modelling produces a fair match of the sample data with the modelled AFC curve (Fig. 11) .
It has been shown above that crustal contamination via an AFC process is monitored by decreasing 143 Nd/ 144 Nd isotope ratios with decreasing MgO (Fig. 7) . Similarly, alteration-corrected and 11). The ascent of alkali basalts sensu lato through the lithosphere was probably arrested at a level where reaction with crust could occur at moderately high assimilation to fractional crystallization rates. Based on isenthalpic AFC calculations, Reiners et al. (1995) determined that high r values can result during early stages of basalt contamination when country rock temperatures are between 400 and 800°C.
Summary and conclusion
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Previous geochemical and isotopic studies on mafic alkali basalts (nephelinites, basanites) from the Rhön area have shown that most of these represent near-primary asthenosphere-or lower lithosphere derived melts produced by a few percent partial melting of garnet peridotite containing residual amphibole (Jung and Hoernes, 2000) . The intermediate to evolved magmas (tephriphonolites, phonotephrites, phonolites, trachytes) of the alkaline suite of the Rhön have distinct major and trace element and isotope characteristics that provide important constraints on their petrogenesis. The differentiated rocks evolved from parental probably hornblende-bearing basanites along a differentiation trend that is controlled by separation of olivine, clinopyroxene, amphibole, ± plagioclase, ± K-feldspar, apatite and magnetite. Depletion of MREE in some samples points to amphibole fractionation whereas depletion of Ba, Sr and Eu is caused by fractionation of feldspars. Previous studies on differentiated alkaline rocks (i.e., Wilson et al., 1995) have shown that such suites may evolve by AFC processes in which assimilation may cease after 55-65%
fractional crystallization but further differentiation may occur beyond this point. The alkaline suite from the Rhön follow two isolated paths; one is characterized by AFC and the other path reflects pure fractional crystallization, both from slightly different parental alkali basalts. Model calculations indicate that the Sr and Nd isotope composition of the inferred contaminant had little obvious effect on the Sr and Nd isotope composition of the lavas. On the other hand, the effect for the Pb isotope composition is significant. Therefore, qualitative constraints on the composition of the contaminant require ancient granulite facies lower crustal rocks with low Rb/Sr, low Sm/Nd coupled with moderate Nd concentrations and elevated U/Pb ratios coupled with moderate to high Pb concentrations. In addition, this study places important constraints on distinct contamination scenarios at different levels within the crust. This study shows that deep crustal assimilation is hardly detectable in high-Sr phonolites and trachytes (Sr >> 100 ppm) but may be recognized by subtle variations in Nd, Pb and O isotope compositions. Other studies (e.g. Wedepohl et al., 1994) indicated that low-Sr phonolites (Sr << 100 ppm) are probably more prone to show effects of crustal contamination due to the strong contrast in Sr concentrations and isotope compositions between these phonolites and lower or upper crustal country rocks. On a regional scale, isotope 
2000) and phonolites (Wedepohl et al., 1994) Stosch and Lugmair, 1984) . Bulk Kds for Nd and Sr were 0.5, respectively. R (the ratio of mass assimilated to mass fractionated) was set at 0.4 to allow for lower crustal melting at elevated temperatures. Small white circles on the AFC curve represent 10% increments of assimilation. Dark grey area represents Eifel peridotite xenolith data from WittEickschen et al. (1998 WittEickschen et al. ( , 2003 and Stosch and Lugmair (1986) . Stippled area represent Sr and Nd isotope data from Tertiary Central European Volcanic Province alkali basalts compiled by Lustrino and Wilson (2007) . Light grey field represents Eifel lower crustal xenolith data (Loock et al., 1990; Stosch and Lugmair, 1984) . (2000) for comparison. These data have also been recalculated for a LOI value of 0.5% to allow for comparison with the data for the more differentiated rocks. Stosch and Lugmair, 1984) .
Nb concentration data are not available from granulite sample S 1 but were estimated using 2.02
ppm Ta from sample S 1 (Loock et al. 1990 ) and an inferred Nb/Ta ratio of 14.4 which is the average of 13 lower crustal xenoliths with subchondritic Nb/Ta ratios given by Mengel (1990) .
Lithium and Zr abundances for S 1 are not available and we chose 6 ppm Li and 130 ppm Zr for the lower crustal contaminant. These estimates are close to or within the range of lower crustal xenoliths from world-wide studies (Li: 3.3-11 ppm; Zr: 68-206 ppm; Rudnick and Gao, 2004) and from the CEVP (7-21 ppm Li, 93-164 ppm Zr; Mengel et al., 1990) . Concentrations of Pb and Rb for S 1 are taken Rudnick and Goldstein (1990) and Stosch and Lugmair (1984) . Bulk Kds for Nb, Zr, Pb, Rb and Li are 0.18, 0.19, 0.35, 0.12 and 0.18, resp. and were calculated using an estimated fractionating mineral assemblage (13.5 % olivine, 24 % clinopyroxene, 12.5 % amphibole, 24 % plagioclase, 6.75 % magnetite, 0.2 % ilmente and 1.2 % apatite) from Wedepohl et al. (1994) .
Distribution coefficients for Nb, Zr, Pb, Rb and Li were those from Adam et al. (1993) Pb: 15.66 for the hypothetical lower crustal rock (sample S 1 from Rudnick and Goldstein, 1990) . Bulk Kds for Nd and Pb were 0.5 and 1.0, respectively. r (the ratio of mass assimilated to mass fractionated) was set at 0.4. A C C E P T E D M A N U S C R I P T ACCEPTED MANUSCRIPT - T  T  T  T  T  T  PT  PT  TP  P  P  Tr  Tr SiO2 45.9 0 Table 3 : Initial Sr, Nd, Pb and O isotope (in ‰ relative to SMOW) composition of tephrites, phonolites and trachytes from the Rhön area. Errors are 2 s (mean) in the last two digits. Pb isotopes were recalculated using U/Pb = 0.15 and Th/U = 4 for tephrites and U/Pb = 0.54 and Th/U = 3.3 for phonolites (Wedepohl et al. 1994 ). All initial ratios were recalculated using an age of 23 Ma which is within the range of 27-21 Ma for the age of volcanism quoted by Wedepohl et al. (1994 
